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Health Care Policy Issues For Radiologists
Triage of Patients to Angiography for Detection of Aortic 
Rupture After Blunt Chest Trauma: Cost-Effectiveness 
Analysis of Using CT
Maria G. M. Hunmk1“ 3 and Johanna J. Bos1
OBJECTIVE. The purpose of this study was to evaluate the cost- 
effectiveness of dynamic chest CT, compared with plain chest radi­
ography and immediate angiography, in deciding when angiogra­
phy should be performed in hemodynamicaily stable patients with 
suspected aortic rupture after blunt chest trauma. The use of CT 
was evaluated in relation to the prior probability of aortic rupture.
MATERIALS AND METHODS. A cost-effectiveness analysis 
comparing six diagnostic strategies combining chest radiogra­
phy, CT, and angiography in various sequences was performed. 
Effectiveness was expressed as survival to hospital discharge, 
and costs were those incurred to society. Estimates for the vari­
ables in the analysis were derived from published reports. The 
model was evaluated for two cohorts of patients: those undergo­
ing and those not undergoing CT for the evaluation of other inju­
ries. Sensitivity analysis was performed for all variables in the 
model with emphasis on the prior probability of aortic rupture.
RESULTS. Selecting patients for triage to angiography based 
on the CT findings yielded higher effectiveness at a lower cost- 
effectiveness ratio than doing so based on the chest radiograph, 
and the incremental cost-effectiveness ratio was less than 
$500,000 per life saved. For the cohort undergoing CT for the 
evaluation of other injuries, triage to angiography based on the 
CT findings yielded equivalent survival chances compared with 
immediate angiography and cost less ($1468 per patient evalu­
ated compared with $2508). For the cohort not undergoing CT 
for other injuries, immediate angiography yielded the highest 
survival chances but was expensive, with an incremental cost- 
effectiveness ratio of $2 million per life saved compared with tri­
age based on CT. In the latter cohort, immediate angiography
yielded higher survival chances and had a cost-effectiveness 
ratio of less than $500,000 compared with the triage by CT if the 
prior probability of aortic rupture was 5% or more.
CONCLUSION. Selecting hemodynamicaily stable patients 
after blunt chest trauma with suspected aortic rupture for angiog­
raphy on the basis of CT findings is more effective than doing so 
based on the findings on chest radiography and is cost-effective 
compared with other accepted health care programs. Immediate 
angiography has a high incremental cost-effectiveness ratio 
compared with triage by CT and is warranted only in patients not 
undergoing CT for the evaluation of other injuries who have a 
prior probability of aortic rupture of 5% or more.
In the United States, nearly 100,000 patients are admitted 
to hospitals annually with blunt chest trauma, usually as a 
result of a high-speed motor vehicle accident [1]. An esti­
mated 55,000 of these patients will undergo emergency 
angiography to diagnose or to rule out traumatic aortic rup­
ture, but fewer than 3000 will actually have such an injury.
Chest radiography has traditionally been used for triage of 
hemodynamicaily stable patients with blunt chest trauma for 
further workup with angiography because it is quick and inex­
pensive. Unfortunately, chest radiographs are unreliable for 
diagnosing or excluding aortic rupture [2]. Since the introduc­
tion of dynamic CT, several reports have been published 
advocating the use of CT in excluding aortic rupture in hemo- 
dynamically stable patients; however, debate continues
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whether this is the optimal workup [3-5]. Performing CT as 
an initial diagnostic test before proceeding to angiography 
could potentially avoid many unnecessary costly and inva­
sive angiographic examinations. Many clinicians are, how­
ever, concerned about potential false-negative CT results, 
that is, a missed rupture. Furthermore, the additional delay in 
treatment introduced by waiting for and performing CT may 
have a deleterious effect on outcome because time is of the 
essence in the management of aortic rupture [6, 7].
The purpose of this study was to evaluate the cost-effective­
ness of dynamic chest CT in deciding when angiography should 
be performed in hemodynamically stable patients with sus­
pected aortic rupture after blunt chest trauma. CT was com­
pared with plain chest radiography and immediate angiography 
and evaluated in relation to the prior probability of aortic rupture. 
The problem was addressed by using decision and cost-effec- 
tiveness analysis to compare various diagnostic strategies.
Materials and Methods
The Model and Modeling Assumptions
A decision analysis and a cost-effectiveness analysis [8-12] were 
performed to compare six strategies for the diagnostic evaluation of 
suspected aortic rupture (Fig. 1). A patient may be evaluated imme-
Fig. 1.—Six diagnostic strategies for diagnosing traumatic aortic rup­
ture. AG = immediate angiography; CT-AG = CT followed by angiography 
for positive cases; CXR-AG = chest radiography followed by angiography 
for positive cases; CXR-CT-AG = chest radiography followed by CT for 
positive radiographic cases, followed by angiography for positive CT 
cases; CXR-CT = chest radiography followed by CT for positive cases; 
CXR only = no diagnostic workup for traumatic aortic rupture; pos = pos­
itive; neg = negative; OR = operating room.
diately by intraarterial angiography (the AG strategy). Abnormal find­
ings on either a CT scan or a chest radiograph may be required to 
proceed to angiography (the strategies CT-AG and CXR-AG, 
respectively). Alternatively, abnormal findings on both a chest radio­
graph and a CT scan may be required before proceeding to angiog­
raphy (the CXR-CT-AG strategy). A chest radiograph with abnormal 
findings may be followed by CT with treatment decisions based 
solely on the CT result (CXR-CT) without additional angiography. 
We assumed that patients would always have at least a chest radio­
graph obtained (CXR only) for evaluation of their blunt chest trauma.
Survival and costs related to these six diagnostic strategies for the 
evaluation of traumatic aortic rupture were calculated for two cohorts of 
hypothetical patients. The baseline analysis evaluated a cohort of 
patients admitted to the emergency department after sustaining blunt 
chest trauma who were assumed to undergo chest radiography and 
unenhanced CT to diagnose and evaluate associated injuries, which is 
the case in most patients with suspected traumatic aortic rupture [7, 
13-15]. In these patients, the additional dynamic chest CT scanning 
adds some time to the examination and increases the risk and cost 
slightly. The second type of patient was assumed to undergo chest radi­
ography, but not CT, for associated injuries. In the latter cohort, deciding 
to perform a dynamic CT study of the chest has larger consequences 
because the patient needs to be moved to the CT scanner specifically 
for the examination. All strategies include a chest radiograph but abnor­
mal findings on the chest radiograph dictate management for the 
workup of aortic rupture only where explicitly stated. Diagnostic tests 
other than chest radiography, CT, or angiography done for other injuries 
were not considered in the model because these other tests would 
influence the outcomes similarly for all six strategies and are therefore 
irrelevant to the analysis pertaining to aortic rupture.
Survival.— Given the nature of the clinical problem, the time frame 
considered in this analysis was limited to the hospital stay. Effective­
ness was expressed as survival to hospital discharge. Survival cal­
culations took into account the prior probability of aortic rupture, the 
natural history of untreated aortic rupture, the risk of death incurred 
by delaying treatment, fatal complications of CT and angiography, 
the diagnostic performance of chest radiography and CT compared 
with angiography, and the probability of survival after thoracotomy.
Cost-effectiveness.— The cost-effectiveness analysis was performed 
from the perspective of society and limited the time frame to the hospi­
tal stay. Only medical costs incurred by society by reimbursing the 
patient or directly paying the provider were considered. Costs were 
expressed in terms of 1993 United States dollars. Discounting was not 
performed because differential timing of costs and effects was absent in 
this analysis [11,12]. Strategies were considered inferior by dominance 
if another strategy yielded greater effectiveness at a lower cost [11,12]. 
In cost-effectiveness analyses, more effective strategies are commonly 
also more expensive, necessitating the calculation of an incremental 
cost-effectiveness ratio. The incremental cost-effectiveness ratio equals 
the additional cost of one strategy compared with the next best strategy 
divided by its additional effectiveness. A strategy is inferior by extended 
dominance when another strategy has a greater effectiveness and a 
lower incremental cost-effectiveness ratio. The calculated cost-effec­
tiveness ratios enable comparisons with alternative health care pro­
grams and assist in resource allocation decisions.
Note that cost-effectiveness ratios are often expressed as costs per life 
years saved (or costs per quality-adjusted life years saved) rather than 
costs per life saved. The choice of unit of effect depends on the clinical 
context [12]. Because patients with suspected aortic rupture vary in age 
widely and may have any form of concomitant disease and injuries, a 
wide range of life years may be saved by improving survival in such 
patients. We therefore expressed the incremental cost-effectiveness ratio 
as costs per life saved. This may easily be converted to costs per life 
years saved by dividing by a particular patient’s remaining life expectancy.
The model was programmed in Decision Maker (Pratt Medical 
Group, Boston, MA).
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Data and Data Assumptions
English-language medical publications from 1987 to 1994 were 
searched for all papers reporting on the diagnosis and treatment of trau­
matic aortic rupture, and additional references were obtained from the 
bibliographies of retrieved papers. Where possible, data estimates 
derived from these published reports were pooled in metaanalyses to 
provide the inputs for the baseline decision analysis (Table 1 and Appen­
dix). For some inputs only one reliable data source was available, mak­
ing metaanalysis impossible. Sensitivity analysis explored the effect of 
varying the data estimates over ranges considered plausible and the 
effect of alternative assumptions. The derivation of the estimates, ranges 
of each variable, and the assumptions made are discussed here.
Prior probability.— Estimates for the prior probability of aortic rup­
ture were derived by pooling data from references that explicitly 
mentioned the frequency of traumatic aortic rupture among a well- 
defined population of patients. We used the individual study results 
to define a range that was explored with sensitivity analysis. The 
prior probability among patients with blunt chest trauma, derived 
from four references [2, 13, 16, 17] reporting on 8772 patients, was 
1.4%, with a range from 0.3% to 3.5%. Note that among patients 
selected to undergo CT on the basis of the history or clinical find­
ings, the prior probability was higher (5.0% [n = 1120], with a range 
from 0.6% to 20.0% [13,17-25]).
Natural history and time delay.— Left untreated, 94% of patients with 
aortic rupture die before discharge [6]. In the other 6%, a pseudoaneu­
rysm develops and may not be diagnosed until years later.
Based on clinical experience, an initial time delay of 30 mln was 
assumed to occur on hospital admission. Requesting and performing 
chest radiography, CT, and angiography were assumed to cause a 
further delay of 10 min, 30 min, and 2 hr respectively (Appendix). Per­
forming additional dynamic chest CT when CT is performed for the
evaluation of other injuries has been reported to add 10 min to the 
examination [4, 5]. Note that this includes repositioning of the patient, 
contrast injection, scanning, and reconstruction and interpretation of 
the images. With the advent of helical CT, this period may be shorter. 
By overestimating the additional time required to perform CT, we pur­
posely introduced a small bias of the results against the use of CT. If 
the results favor CT in spite of this bias, we may be confident that the 
results will hold for shorter times. Furthermore, sensitivity analysis 
was performed to evaluate the effect of shorter times. The mortality 
risk incurred by delaying treatment was based on mortality data given 
the natural history of aortic rupture (Appendix). More recent data on 
the natural history of aortic rupture is unavailable because patients 
currently undergo intensive diagnostic workup and treatment. The 
baseline model of mortality given the natural history assumed a 
Weibull survival curve [26] based on a cohort described by Parmley et 
al. [6], and in a sensitivity analysis, a piecewise exponential survival 
curve was used based on data from another source [7].
Diagnostic tests.— The mortality risk of performing dynamic chest 
CT due to an adverse reaction to contrast medium was based on a 
published metaanalysis that reported a risk of 0.9 per 100,000 with a 
range from 0.3 to 2.6 per 100,000 [27] (Appendix). We assumed that 
in an emergency situation, screening for an increased risk of adverse 
reactions to contrast material would be impractical and that therefore 
the more expensive nonionic contrast material would generally be 
used. The published metaanalysis reported a risk of a severe adverse 
reaction to low-osmolality contrast media of 31 per 100,000 (range, 2 - 
62 per 100,000) [27], On the basis of pooled data from an extensive 
survey and a more recent study on the complications of angiography, 
the mortality and systemic morbidity risks for angiography were esti­
mated at 33 per 100,000 and 1.7%, respectively [28, 29]. Although 
these two studies were published more than a decade apart, there 
appeared to be no decrease in the risk of angiography.
TABLE 1: Results of Dynamic CT Done for the Diagnosis of Traumatic Aortic Rupture
Positivity Criteria
Aortic Rupture
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Fisher et al. [13] 4 0 68 16 1.0 0.81
Richardson et al. [17] 4 0 23 40 1.0 0.37
Ishikawa et al. [18] 12 0 36 30 1.0 0.55
Mirvis et al. [19] 4 0 6 10 1.0 0.38
Morgan et al. [20] 1 0 7 152 1.0 0.04
Raptopolous et al. [21] 10 0 44 272 1.0 0.14
Madayag et al. [22] 1 0 9 133 1.0 0.06
Fenner et al. [23] 2 0 1 26 1.0 0.04
Pooled 38 0 194 679 1.0 0.22
Strictb
Fisher et al. [13] 4 0 43 41 1.0 0.51
Richardson et al. [17] 4 0 17 46 1.0 0.27
Ishikawa et al. [18] 10 2 3 63 0.83 0.05
Mirvis et al. [19] 4 0 3 13 1.0 0.19
Agee et al. [24] 7 0 2 96 1.0 0.02
Miller et al. [25] 6 5 20 73 0.55 0.22
Pooled 35 7 88 332 0.83 0.21
Note.— Pos = positive; Neg = negative;TPR = true-positive rate (sensitivity);FPR = false-positive rate (1-specificity). 
aCT scan was said to be positive for the diagnosis of aortic rupture if there was a medlatinal hematoma, 
disruption of the aortic contour, an intimal flap, focal aneurysm, if the scan was uninterpretable due to arti­
facts, or if the interpretation was equivocal.
bCT scan was said to be positive for the diagnosis of aortic rupture if there was an intramural or periaortic 
hematoma, disruption of the aortic contour, an intimal flap, focal aneurysm, or if the scan was uninterpretable 
due to artifacts. Mediastinal hematoma not adjacent to the aorta and scans with equivocal findings were said 
to be negative.
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The diagnostic performance of chest radiography and CT were 
expressed in terms of the true- and false-positive rates compared with 
angiography as the gold standard (Appendix). The diagnostic perfor­
mance of chest radiography was derived from a well-documented 
series comparing supine and erect anteroposterior chest radiographic 
projections [2]. The true- and false-positive rates of a chest radiograph 
depended on the patient’s positioning and the positivity criteria used. 
Using lenient criteria yielded high true-positive rates, but at the cost of 
high false-positive rates. In the baseline analysis, the positivity crite­
rion on the chest radiograph was a widened mediastinum and the film 
was assumed to have been taken with the patient supine, which yields 
true- and false-positive rates of 0.67 and 0.55, respectively. In a sensi­
tivity analysis, other criteria were explored.
The true- and false-positive rates of dynamic CT done for sus­
pected aortic rupture were based on the pooled results of 10 studies 
(Table 1), all of which explicitly stated that CT was performed dynami­
cally. One retrieved study was excluded because, although most CT 
scans were performed dynamically, CT scans from outside hospitals 
were also part of the evaluation and these were not always dynamic 
[30]. We distinguished lenient and strict positivity criteria for the diag­
nosis of aortic rupture. The lenient criteria designated the CT scan 
positive if there was a mediastinal hematoma, disruption of the aortic 
contour, an intimal flap, focal aneurysm, uninterpretability due to arti­
facts, or if the interpretation was equivocal (Table 1). The strict positiv­
ity criteria used the same findings but required an intramural or 
periaortic hematoma and scans with equivocal findings were consid­
ered negative (Table 1). Eight of the 10 studies reported a true-posi­
tive rate (sensitivity) of 100%, that is, no false-negative results. One 
study reported two false-negative cases (true-positive rate, 83%) 
when strict positivity criteria were used but no false-negative results 
when lenient criteria were used. Finally, one study reported their 
results using strict criteria only and demonstrated five false-negative 
cases (true-positive rate, 55%). Because the papers reported fairly 
homogeneous results [31], we used the pooled metaanalytical results 
using lenient criteria in the baseline analysis (true- and false-positive 
rates, 1.0 and 0.22, respectively). The range of results from the indi­
vidual studies, and the pooled results when strict criteria were used, 
were explored in a sensitivity analysis (Appendix).
Treatment— Based on pooled data of 778 patients from 11 studies 
[7,14,15,32-39], the estimated perioperative mortality associated with 
thoracotomy for aortic rupture was 0.22 (range, 0.14-0.39) (Appendix).
Costs.— Costs included those of the diagnostic tests, the costs for 
treating reactions to contrast material and angiographic complica­
tions, and the cost of treating traumatic aortic rupture. The costs of 
treating associated injuries were not included in the analysis 
because they will not yield a cost differential between the diagnostic 
options related to diagnosing traumatic aortic rupture.
Cost estimates for the diagnostic tests (Appendix) were provided 
by the American College of Radiology and were based on the profes­
sional and technical components of the 1993 national average Medi­
care physician’s fee schedule amount, which was generally 57% of 
the submitted charge. This reimbursed portion of the charges was 
used as an approximation of the cost to society of performing the 
diagnostic tests. Alternative cost estimates for the diagnostic tests 
were derived from published reports [9, 23, 40]. The use of nonionic 
contrast media was estimated to add approximately $190 to the cost 
of either CT or angiography, which was based on prices from the 
pharmaceutical industry and assuming 150 ml of contrast medium 
would be required for either examination. Costs of managing systemic 
complications of angiography were assumed to be equivalent to the 
cost of managing severe adverse reactions to contrast media and 
were estimated at $2667 [41] (converted to 1993 U.S. dollars).
Because no good estimates for the cost of treating traumatic aor­
tic rupture were available, we estimated this cost by averaging the 
cost of coronary artery bypass grafting ($30,694 in 1993 U.S. dollars 
[42]) and that of an aortofemoral bypass ($26,039 in 1993 U.S. dol­
lars [43]) and using a wide range in the sensitivity analysis.
Results
Baseline Analysis
For the hypothetical cohort undergoing CT for the evalua­
tion of other injuries, CT-AG and AG in all patients yielded 
equivalent survival chances (Fig. 2A). Conversely, all strate­
gies that relied on the chest radiograph as the initial diagnos­
tic test increased mortality compared with CT-AG or AG 
(difference in mortality rate was at least 24:10,000). These 
results imply that the increased risks, due to the extra time 
and possible contrast reactions, imposed by performing the 
additional dynamic chest CT are small compared with the 
risks averted by avoiding a substantial number of unneces­
sary angiograms. Although AG and CT-AG were equally 
effective in this cohort, AG was more expensive (Fig. 2A). AG 
cost $2508 per patient while CT-AG cost $1468 per patient. 
Note that the latter cost estimate includes not only the costs 
of the initial CT, but also the costs of all angiograms per­
formed for positive CT results, the costs of complications of 
CT and angiography, and the costs of treatment. The CXR- 
AG strategy yielded lower effect at a higher cost compared 
with CT-AG and was thus considered inferior (Fig. 2A). The 
CXR-CT strategy was inferior compared with all other strate-
Effect (survival) Effect (survival)
A B
Fig. 2.—Costs (in 1993 U.S. dollars) versus 
effectiveness (survival) for baseline analysis 
comparing six diagnostic strategies for diag­
nosing traumatic aortic rupture for hypothetical 
cohorts undergoing CT (^) and not undergoing 
CT (B) for evaluation of other injuries. AG = im­
mediate angiography; CT-AG = CT followed by 
angiography for positive cases; CXR-AG = 
chest radiography followed by angiography for 
positive cases; CXR-CT-AG -  chest radiogra­
phy followed by CT for positive radiographic 
cases, followed by angiography for positive CT 
cases; CXR-CT = chest radiography followed by 
CT for positive cases; CXR only = no diagnostic 
workup for traumatic aortic rupture.
AJR:165, July 1995 TRIAGE OF PATIENTS WITH AORTIC RUPTURE 3 1
gies because of the high risks and high costs involved in 
operating on patients with false-positive CT results. For the 
choice between the remaining strategies (i.e., CT-AG, CXR- 
CT-AG, CXR only), incremental cost-effectiveness ratios 
were necessary. For example, the incremental cost-effective- 
ness ratio of CT-AG compared with CXR-CT-AG equals the 
additional cost of $465 divided by the gain in survival of 
0.0024 (Fig. 2A), which equals $187,000 per life saved, 
which, for a patient with a remaining life expectancy of 25 
years, corresponds to $7500 per life year saved. Similarly, 
the incremental cost-effectiveness ratio of CXR-CT-AG com­
pared with CXR only was $134,000 per life saved or, for a 
patient with a remaining life expectancy of 25 years, $5400 
per life year saved. The final choice between CT-AG, CXR- 
CT-AG, and CXR only depends on society’s willingness to 
pay to save a patient’s life.
For the hypothetical cohort not undergoing CT for other inju­
ries, the increase in risk for performing mediastinal dynamic CT 
is larger because of the time involved in moving and preparing 
the patient for the CT examination. For these patients, perform­
ing AG yielded the highest survival chances. However, use of 
CT-AG increased the mortality rate by 4:10,000 compared with 
AG. All strategies that relied on the CXR as the initial diagnostic 
test increased the mortality rate by at least 23:10,000 compared 
with AG. AG yielded the highest survival chances in this cohort 
but with an incremental cost-effectiveness ratio of $2.2 million 
per life saved compared with CT-AG (Fig. 2B) (for a patient with 
a remaining life expectancy of 25 years, $90,000 per life year 
saved). The incremental cost-effectiveness ratio was $242,000 
per life saved for CT-AG and $169,000 per life saved for CXR- 
CT-AG (for a patient with a remaining life expectancy of 25 
years, $9700 and $6800 per life year saved, respectively). The 
CXR-AG strategy was inferior by extended dominance 
because, although it increased survival compared with CXR- 
CT-AG, it had a higher cost-effectiveness ratio than CT-AG.
Sensitivity Analysis
Sensitivity analysis for the cohort undergoing CT for other 
injuries demonstrated that for all ranges of the variable values 
explored, the CXR-AG and the CXR-CT strategies were infe­
rior by either dominance or extended dominance. CT-AG 
always yielded a higher effect than CXR-CT-AG at an incre­
mental cost-effectiveness ratio of less than $500,000 per life 
saved (Table 2) (corresponding to $20,000 per life year saved 
for a patient with a remaining life expectancy of 25 years), 
except for very low prior probabilities of aortic rupture (Fig. 
3A). Thus, assuming society is willing to pay $500,000 per life 
saved, CT-AG would always be preferred over the initial chest 
radiographic strategies, unless the prior probability of aortic 
rupture is extremely low, in which case either CXR-CT-AG or 
no diagnostic workup would be preferred. Furthermore, with 
the exception of a few situations, AG generally yielded equiva­
lent survival chances compared with CT-AG but was far more 
expensive. AG yielded greater effect than CT-AG for a prior 
probability of aortic rupture exceeding 3% but at an incremen­
tal cost-effectiveness ratio of more than $10 million per life 
saved. Only if the prior probability exceeded 70% did the ratio 
drop below $500,000 per life saved. AG also yielded greater
effect if the extra time required to perform mediastinal CT was 
15 min, but the incremental cost-effectiveness ratio was $75 
million per life saved (Table 2). Furthermore, AG yielded 
higher survival chances than CT-AG if the true-positive rate of 
CT was 98% or less. The incremental cost-effectiveness ratio 
of AG, however, exceeded $1 million per life saved for true- 
positive rates of CT above 85%. Finally, AG yielded greater 
effect than CT-AG if CT had a false-positive rate of 41% or 
more. The incremental cost-effectiveness ratio of AG, how­
ever, was more than $500,000 per life saved for false-positive 
rates up to 77%. Thus, in patients undergoing CT for other 
injuries, the best strategy is to perform additional dynamic 
chest CT and triage to angiography based on the findings.
Sensitivity analysis for the cohort not undergoing CT for 
other injuries (Table 2) demonstrated that CT-AG generally 
yielded a higher effect than both CXR-AG and CXR-CT-AG 
at an incremental cost-effectiveness ratio of less than 
$500,000 per life saved. AG yielded a higher effect than CT- 
AG but at cost-effectiveness ratios exceeding $500,000 per 
life saved. However, for a prior probability of 5% or greater, 
the cost-effectiveness ratio of AG fell below $500,000 per life 
saved (Fig. 3B). For prior probabilities below 5%, CT-AG pro­
vided a less costly alternative. For prior probabilities of 0.5% 
or less, the CT-AG strategy exceeded $500,000 per life 
saved, and in this case, CXR-CT-AG provided a less costly 
alternative. For a prior probability of 0.3% or less, any diag­
nostic workup had a ratio of more than $500,000 per life 
saved; below 0.2%, the ratio was more than $1 million per life 
saved (Fig. 3B). CT-AG was always superior to CXR-AG by 
yielding higher survival chances at a lower cost or with a 
lower cost-effectiveness ratio (Table 2), except if the false- 
positive rate of CT exceeded 60%. In the latter situation, 
however, AG yielded the highest survival chances with a 
cost-effectiveness ratio of less than $500,000 per life saved 
and would thus be preferred over CXR-AG. Thus, In patients 
not undergoing CT for other injuries, the best strategy is to 
do no diagnostic workup or select patients for CT based on 
the findings on chest radiography if the prior probability is 
0.5% or less, to triage to angiography with CT if the prior 
probability is between 0.5% and 5%, or to use angiography 
in all patients with a prior probability of 5% or greater.
Discussion
Current practice in many hospitals dictates that the pres­
ence of a widened mediastinum on a chest radiograph in 
hemodynamically stable patients after blunt chest trauma war­
rants angiography to exclude aortic rupture. This analysis sug­
gests that performing angiography based on the chest 
radiographic findings is not cost-effective. Cost-effective strat­
egies for diagnosing aortic rupture are AG, triage to angiogra­
phy based on CT findings, or triage to CT based on the chest 
radiographic findings and subsequently to angiography based 
on the CT findings. The choice among these three depends 
mainly on whether the patient will undergo CT for evaluation of 
other injuries and on the prior probability of rupture.
Our results may appear counterintuitive. The driving force 
behind them, however, is the high false-positive rate of diagnos­
ing aortic rupture on a chest radiograph. Relying on the chest
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TABLE 2: Sensitivity Analysis Varying Selected Variables
Incremental Cost-Effectiveness Ratio ($1000/Life Saved)a
Alternative Assumptions Analyzed Patients Undergoing CT for Other Injuries'3 Patients Not Undergoing CT for Other Injuries
AG CXR-AG CT-AG CXR-CT-AG AG CXR-AG CT-AG CXR-CT-AG
Baseline assumptions INF INF 187 134 2249 INFed 242 169
Delay from performing 
Chest radiography 
5 min INF INF 189 135 2043 INFed 247 173
15 min INF INF 186 133 2456 INFed 238 167
CT 
15 min INF INF 193 138 8120 INFed 232 162
1 hr INF INF 180 129 1101 INFed 259 181
Additional mediastinal CT 
5 min INF INF 185 132 n/a n/a n/a n/a
15 min 75,245 INF 190 135 n/a n/a n/a n/a
Angiography 
1 hr INF INF 169 121 2009 INFed 215 151
4 hr INF INF 218 155 2076 INFed 288 200
Diagnostic accuracy 
TPR and FPR of chest radiograph 
Supine chest radiograph 
0.88 and 0.76 INF INF 251 138 2249 INF 330 175
0.93 and 0.84 INF INF 280 142 2249 INF 370 180
Erect chest radiograph 
0.36 and 0.19 INF INFed 178 105 2249 INFed 229 130
0.72 and 0.55 INF INF 212 128 2249 INFed 276 162
0.89 and 0.58 INF INF 443 117 2249 INF 595 147
TPR and FPR of CT scan 
Lenient positivity criteria 
1.00 and 0.04 INF INF 126 96 5123 INF 172 125
1.00 and 0.81 INF INF 384 248 406 262 INF INF
Strict positivity criteria 
0.83 and 0.21 885 INF 213 149 567 INF 285 196
Costs
CT
$148 INF INF 187 134 2626 INF 213 151
$595 INF INF 187 134 1501 INFed 303 206
Additional mediastinal CT 
$0 INF INF 161 118 n/a n/a n/a n/a
$595 INF INF 268 182 n/a n/a n/a n/a
Angiography
$1200 INF INF 173 125 1557 INFed 226 159
$3000 INF INF 247 170 5043 INF 310 211
Additional cost of nonionic 
contrast media
$0 INF INF 145 108 2359 INF 195 141
Cost of treatment 
$15,000 INF INF 163 109 2245 INF 214 142
$50,000 INF INF 227 173 2255 INFed 288 214
Note.— Incremental cost-effectiveness ratios are tabulated for the four most relevant strategies for two hypothetical cohorts based on all patients with blunt 
chest trauma, assuming chest radiography will be performed for diagnosing associated injuries, from the societal perspective. The CXR-CT and CXR only strate­
gies have not been tabulated because they were always inferior for both cohorts. Incremental cost-effectiveness ratios were calculated in comparison to the next 
best strategy (Fig. 2). CT = dynamic CT; TPR = true-positive rate, that is, the probability of a positive test result among those with traumatic aortic rupture; FPR = 
false-positive rate, that is, the probability of a positive test result among those without traumatic aortic rupture; AG = immediate angiography; CXR-AG = chest 
radiography followed by angiography for positive cases; CT-AG = CT followed by angiography for positive cases; CXR-CT-AG = chest radiography followed by CT 
for positive radiographic cases, followed by angiography for positive CT cases; INF = inferior strategy by dominance, that is, another strategy yields greater effec­
tiveness at a lower cost; INFed = inferior strategy by extended dominance, that is, another strategy yields greater effectiveness at a lower incremental cost-effec­
tiveness ratio; n/a = not applicable.
aThe cost-effectiveness ratios per life saved may be converted to costs per life years saved by dividing by a particular patient’s additional life expectancy. 
bThe CT scan for evaluating associated injuries was assumed to be unenhanced. Sensitivity analysis assuming the patient undergoes enhanced CT for evaluating 
other injuries yielded similar results but with slightly more favorable cost-effectiveness ratios for CT because no additional cost for contrast media was incurred.
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Fig. 3.—Incremental cost-effectiveness ratios 
depending on prior probability of traumatic aor­
tic rupture for hypothetical cohorts undergoing 
CT (A) and not undergoing CT (B) for evaluation 
of other injuries. Only strategies that are not in­
ferior (by dominance or extended dominance) 
are plotted. AG = immediate angiography; CT-AG 
= CT followed by angiography for positive cases; 
CXR-CT-AG = chest radiography followed by CT 
for positive radiographic cases, followed by an­
giography for positive CT cases.
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radiograph with its high false-positive rate implies that many 
angiographic studies that yield normal results will be done 
despite the associated risks and costs. By doing triage of 
patients based on CT, a substantial number of angiographic 
studies yielding normal results may be avoided. Even in the pres­
ence of abnormal findings on the chest radiograph, performing a 
CT scan to exclude aortic rupture appears justified in hemody- 
namically stable patients unless aortic rupture seems very likely.
Limitations of this analysis include the simplifying assump­
tions that were made to make the problem tractable. First, 
hemodynamically unstable patients were excluded from the 
analysis. In spite of this limitation, the situation of a hemody­
namically unstable patient translates into a high prior probabil­
ity of aortic rupture. The results of the model suggest that the 
optimal strategy in such patients would be AG, which is in 
keeping with current practice. Second, the analysis included 
only the risks and costs of the workup and treatment of aortic 
rupture, whereas the costs of managing associated injuries 
were excluded. This assumption should not influence the deci­
sion related to aortic rupture, because managing associated 
injuries will affect all strategies equivalently. Third, downstream 
costs associated with saving a life, for example, the costs of a 
myocardial infarction the patient may suffer years later, were 
excluded. Including these indirect costs is controversial 
because this would penalize strategies that save lives.
A limitation of every decision and cost-effectiveness analysis 
is the limited available data that can be incorporated in the 
model. These limitations also apply to intuitive decision making, 
which, after all, uses the same limited input data. With decision 
analysis, however, the limitations about the input data are high­
lighted and thus exposed to criticism and discussion. An exam­
ple in our analysis is the cost estimates. Ideally, cost estimates 
should reflect the actual costs and not the charges. We esti­
mated costs with the portion of the charges reimbursed for 
patients insured by Medicare because this was the best esti­
mate available. This may have underestimated the actual costs, 
which would have biased the results toward angiography. Using 
higher cost estimates in a sensitivity analysis yielded a greater 
cost difference between angiography and CT, which actually 
strengthens the argument for triage based on CT. Furthermore, 
not every reader will agree with our baseline estimates of the 
variable values. Sensitivity analysis may be used to explore the
effect of different assumptions about the data. By varying the 
value of an uncertain variable, one can calculate whether differ­
ent values would change the decision. If the decision doesn’t 
change over the range of values considered plausible, then the 
precise value of that variable is irrelevant. If the decision does 
change, further study of that particular variable is warranted. 
For example, the false-positive rate of 55% for diagnosing aor­
tic rupture on a chest radiograph, which was assumed in the 
baseline analysis, may appear excessive. Using sensitivity 
analysis, however, various reported combinations of true- and 
false-positive rates were analyzed, and none changed the deci­
sion. Thus, although decision and cost-effectiveness analyses 
may be constrained by the limitations of the inputs, sensitivity 
analysis provides a powerful tool for evaluating the effect of 
these inputs and directing our future research efforts.
Effect and cost outcomes and the incremental cost-effec- 
tlveness ratios depended mainly on whether a patient under­
goes CT for evaluation of other injuries and on the prior 
probability of aortic rupture. The extra time, risk, and cost 
involved in performing additional chest CT in a patient already 
in the CT scanner are small compared with the delay and risk 
averted by avoiding unnecessary angiograms. Thus, in 
patients undergoing CT for the evaluation of other injuries, tri­
age based on the CT findings appears the most cost-effective 
strategy. For low prior probabilities in this group of patients, tri­
age to CT based on the chest radiographic findings, and sub­
sequently to angiography based on the CT findings, provides a 
less costly but less effective alternative. In patients not under­
going CT for other injuries, the extra time, risk, and cost 
involved in performing CT is larger. In this group of patients, 
AG appears warranted if the prior probability is higher than 
average, or if society is willing to pay more than $2 million per 
life saved. For a very low prior probability of rupture (<2:100Q), 
performing any diagnostic test, even obtaining a simple chest 
radiograph, was expensive (>$1 million per life saved). Thus, 
the prior probability of aortic rupture is one of the critical vari­
ables In determining the optimal diagnostic workup. This sug­
gests the need for a predictive instrument based on the 
mechanism of injury and clinical signs and symptoms to deter­
mine the prior probability of traumatic aortic rupture.
The presented analysis considers only dynamic CT done 
with state-of-the-art equipment. Note that the criterion for
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reporting a positive CT result in the baseline analysis was 
mediastinal hematoma, disruption of the aortic contour, or an 
intimal flap. We also evaluated the effect of using stricter crite­
ria for the diagnosis, that is, presence of a mediastinal 
hematoma in combination with direct evidence of vessel injury. 
Use of the latter criteria yields low true-positive rates for CT, 
which will make CT less cost-effective. However, the sensitivity 
analysis suggested that even for true-positive rates on CT as 
low as 85%, CT was still cost-effective and superior to triage 
based on the chest radiograph. With the advent of helical CT, 
the time required to perform the examination is reduced and 
the diagnostic accuracy possibly increased, making our argu­
ment for triage based on CT even stronger.
The final choice of strategy depends on society’s willing­
ness to pay to save a life. Our analysis suggests that, over a 
wide range of assumptions, using CT as the initial diagnostic 
test for suspected aortic rupture has an incremental cost- 
effectiveness ratio of less than $500,000 per life saved. 
Expressing this ratio in terms of life years saved depends 
directly on the patient’s remaining life expectancy and, thus, 
his/her age and concomitant disease and injuries. For exam­
ple, for patients with a remaining life expectancy of at least 
25 years, performing initial CT costs less than $20,000 per
life year saved, a cost-effectiveness ratio that is generally 
considered acceptable [44]. Note that expressing cost-effec­
tiveness ratios per life year saved instead of per life saved 
inherently biases decisions toward saving young lives, which 
some would consider discrimination against the elderly.
In conclusion, performing dynamic chest CT to diagnose 
or to exclude aortic rupture in hemodynamically stable 
patients after blunt chest trauma before proceeding to 
angiography is more effective than doing so based on the 
findings on the chest radiograph, and is cost-effective com­
pared with other accepted health care programs. AG has a 
high incremental cost-effectiveness ratio compared with tri­
age by CT and is warranted only in patients who are not 
undergoing CT for the evaluation of other injuries who have a 
prior probability of aortic rupture of 5% or more.
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APPENDIX: Summary of Data Used in the Analysis
Variable Baseline Value Range Used in Sensitivity Analysis Source
Prior probability of traumatic aortic rupture
All patients with blunt chest trauma 0.014 0.003-0.035 [2, 13, 16, 1/
Clinically suspect for aortic rupture 0.05 0.006-0.2 [13, 17-25]
Natural history
Cumulative probability of death due to rupture given survival to admission 0.94 0.85-1.0 [6]
Rate of death/hr from delay of treatment3 Weibull: X = 0.099/hr, Piecewise exponential: [6,7]
7 = 0.3042 rate^ for t < 6 hr: 0.0813/hr
rate2 for t > 6 hr: 0.0058/hr
Diagnostic tests
Delayb due to
Initial workup 30 min Estimates
Chest radiography 10 min 5-15 min based on
CT scanning 30 min 15 min-1 hr experience
Angiography 2 hr 1-4 hr
Additional mediastinal CT scan if CT is performed for other injuries 10 min 5—15 min [4, 5]
Probability of death from a reaction to contrast material during 0.9 per 100,000 0.3-2.6 per 100,000 [27]
CT scanning
Probability of severe adverse reaction to contrast material during 31 per 100,000 2-62 per 100,000 [27]
CT scanning
Probability of death during angiography 33 per 100,000 29-162 per 100,000 [28, 29]
Probability of systemic complications or a severe adverse contrast 1.7% 0.5-3% [28, 29]
reaction during angiography
TPR and FPRC of the supine chest radiograph using as positivity criteria:
0.67 and 0.55dWidened mediastinum [2]
Widened mediastinum or abnormal aortic arch 0.88 and 0.76® [2]
Widened mediastinum or abnormal arch or loss of descending 0.93 and 0.84e [2]
aorta or loss of aortopulmonary window
TPR and FPR of the erect chest radiograph using as positivity criteria:
Widened mediastinum 0.36 and 0.19e [2]
Widened mediastinum or abnormal aortic arch 0.72 and 0.55e [2]
Widened mediastinum or abnormal arch or loss of descending 0.89 and 0.586 [2]
aorta or loss of aortopulmonary window
TPR and FPR of dynamic CT using
Lenient positivity criteriaf
1.0d 1
[13, 17-23]
TPR
FPR 0.22° 0.04-0.81
Strict positivity criteria9 [13,17-19, 24,
TPR 0.83°
FPR O.210
Treatment
Perioperative mortality of thoracotomy for aortic rupture 0.22 0.14-0.39 [7, 14,15, 32-
Costs
[ACRh, 40]Chest radiography $25 $25-64
CT $298 $148-595 [ACRh, 9, 23,
Additional mediastinal CT scan $149 $0-595 [ACR*1, 40]
Angiography $1557 $1200-3000 [ACRh, 40]
Additional cost for nonionic contrast media' $190 $0-250
Cost of managing severe adverse reactions to contrast material or $2667 $155-2387 [41]
systemic complications of angiography! i
Treatment1* $28,400 $15,000-50,000 [42, 43]..■ A,*"  ^ *- -v»,. • r ‘iii...* >■ i  .  .  . . .  . . . .  - ,  .
Note.— CT = dynamic CT, ACR = American College of Radiology.
aln the baseline analysis we assumed a Weibull survival curve with hazard rate h(t) = \y(kt)y \  where t equals time alter admission [26]. In a sensitivity analysis 
a piecewise exponential survival curve was used with a constant hazard rate h(t) » rate! for t < 6 hours and h(t) => rate2 for t 6 hours. In estimating the risk of death 
due to delay of treatment the hazard rate was calculated for t equals time halfway through the test and the rate was held constant for the duration of the test.
bThe delay includes the time required to request and perform the examination, getting the patient to and from the radiology department and in and out ol the 
appropriate room, placing an intravenous catheter should this be necessary, and getting the films interpreted.
CTPR = true-positive rate, that is, the probability of a positive test result among those with traumatic aortic rupture. FPR -- false-positive rate, that is, the proba­
bility of a positive test result among those without traumatic aortic rupture.
d Value of TPR and FPR used in the baseline analysis.
Alternative values of TPR and FPR used in the sensitivity analysis.
fCT scan was designated positive if there was a mediastinal hematoma, disruption of the aortic contour, an intlmal flap, focal aneurysm, if it was uninterpretable 
due to artifacts, or if the interpretation was equivocal.
9CT scan was designated positive if there was an intramural or periaortic hematoma, disruption of the aortic contour, an intimal flap, focal aneurysm, or if it was 
uninterpretable due to artifacts.
hCost estimates were provided by the American College of Radiology and are based on 1993 national average Medicare Physician’s fee schedule amount, pro­
fessional and technical components. The fee schedule amount is generally 57% of the submitted charge.
Assuming 150 ml is required. Additional cost based on the price difference in the U.S. of Omnipaque 350 and Hypaque 76%, adjusted to 1993 dollars using the 
medical component of the U.S. Consumer Price Index (Source: U.S. Bureau of the Census).
•Costs of managing systemic complications of angiography assumed to be equivalent to the cost of managing severe adverse reactions to contrast medium. Costs adjusted to 
1993 dollars using the medical component of the U.S. Consumer Price Index (Source: U.S. Bureau of the Census). Reimbursement is generally 57% of the submitted charge.
kAverage of the cost of coronary artery bypass grafting ($30,694 in 1993 U.S. Dollars [42]) and that of an aortofemoral bypass ($26,039 in 1993 U.S. dollars [43]).
36 HUNINK AND BOS AJR:165, July 1995
REFERENCES
1. Detailed diagnoses and procedures, nationai hospital discharge survey, 
1989. Vital and Health Statistics, Series 13, No. 108. Hyattsville, MD: U.S. 
Department of Health and Human Services, Public Health Service, Cen­
ters for Disease Control, 1992
2. Mirvis SE, Bidwell JK, Buddemeyer EU, et al. Value of chest radiography 
in excluding traumatic aortic rupture. Radioiogy 1987; 163:487—493
3. Wills JS, Lally JF. Use of CT for evaluation of possible traumatic aortic 
injury (letter). A JR 1991; 157:1124-1125
4. Mirvis SE, Dunham CM. Reply. To: Wills JS, Lally JF. Use of CT for evalu­
ation of possible traumatic aortic injury (letter). AJR 1991;157:1124-1125
5. Raptopoulos V. Chest CT for aortic injury: maybe not for everyone. AJR 
1994;162:1053-1055
6. Parmley LF, Mattingly TW, Manion WC, Jahnke EJ. Nonpenetrating trau­
matic injury of the aorta. Circulation 1958;17:1086-1092
7. Cooper C, Rodriguez A, Omert L. Blunt vascular trauma. In: Wells SA, ed. 
Current problems in surgery. St. Louis: Mosby-Year Book, 1992;29:285-357
8. Weinstein MC, Fineberg HV. Clinical decision analysis. Philadelphia: 
Saunders, 1980
9. Kuhns LR, Thornbury JR, Fryback D. Decision making in imaging. Chi­
cago: Year Book Medical, 1989:99-134
10. Pauker SG, Kasslrer JP. Medical progress: decision analysis. N Engi J 
Med 1987;316:250-258
11 Weinstein MC, Stason WB. Foundations of cost-effectiveness analysis for 
health and medical practices. N Engl JMecf 1977;296:716-721
12. Drummond MF, Stoddart GL, Torrance GW. Methods for the economic evalu­
ation of health care programmes. Oxford: Oxford Medical Publications, 1987
13. Fisher RG, Chasen MH, Lamki N. Diagnosis of injuries of the aorta and 
brachiocephalic arteries caused by blunt chest trauma: CT vs aortogra­
phy. AJR 1994; 162:1047-1052
14. Kieny R, Charpentier A. Traumatic lesions of the thoracic aorta. A report 
of 73 cases. J Cardiovasc Surg 1991 ;32:613-619
15. Kodali S, Jamieson WRE, Leia-Stephens M, Miyagishima RT, Janusz MT, 
Tyers GFO. Traumatic rupture of the thoracic aorta: a 20-year review: 
1969-1989. C/rcu/atfo/7l991;84[Suppl 3]:III40—III46
16. Sturm JT, Luxenberg MG, Moudry BM, Perry JF. Does sternal fracture 
increase the risk for aortic rupture? Ann Thorac Surg 1989;48:697-698
17. Richardson P, Mirvis SE, Scorpio R, Dunham CM. Value of CT in deter­
mining the need for angiography when findings of mediastinal hemor­
rhage on chest radiographs are equivocal. AJR 1991 ;156:273-279
18. Ishikawa T, Nakajima Y, Kaji T. The role of CT in traumatic rupture of the tho­
racic aorta and its proximal branches. Semin Roentgenol 1989;24:38-46
19. Mirvis SE, Kostrubiak I, Whitley NO, Goldstein LD, Rodriguez A. Role of 
CT in excluding major arterial injury after blunt thoracic trauma. AJR 
1987;149:601-605
20. Morgan PW, Goodman LR, Aprahamian C, Foley WD, Lipchik EO. Evalu­
ation of traumatic aortic injury: does dynamic contrast-enhanced CT play 
a role? Radiology 1992;182:661-666
21. Raptopoulos V, Sheiman RG, Phillips DA, Davidoff A, Silva WE. Traumatic 
aortic tear: screening with chest CT. Radiology 1992;182:667-673
22. Madayag MA, Kirshenbaum KJ, Nadimpalii SR, Fantus RJ, Cavallino RP, 
Crystal GJ. Thoracic aortic trauma: role of dynamic CT. Radiology 1991; 
179:853-855
23. Fenner MN, Fisher KS, Sergei NL, Porter DB, Metzmaker CO. Evaluation 
of possible traumatic thoracic aortic injury using aortography and CT. Am
Surg 1990;56:497-499
24. Agee CK, Metzier MH, Churchill RJ, Mitchell FL. Computed tomographic 
evaluation to exclude traumatic aortic disruption. J Trauma 1992;33:876-881
25. Miller FB, Richardson JD, Thomas HA, Cryer HM, Willing SJ. Role of CT 
in diagnosis of major arterial injury after blunt thoracic trauma. Surgery 
1989;106:596-603
26. Lee ET. Statistical methods for survival data analysis, 2nd ed. New York:
Wiley, 1992:135-140
27. Caro JJ, Trindade E, McGregor M. The risks of death and of severe nonfatal 
reactions with high- vs low-osmolality contrast media: a meta-analysis. AJR  
1991;156:825-832
28. Hessel SJ, Adams DF, Abrams HL. Complications of Angiography. Radiology 
1981;138:273-281
29. Waugh JR, Sacharias N. Artériographie complications in the DSA era. 
Radiology 1992; 182:243-246
30. McLean TR, Olinger GN, Thorsen MK. Computed tomography in the eval­
uation of the aorta in patients sustaining blunt chest trauma. J Trauma 
1991;31:254-256
31. Midgette AS, Stukel TA, Littenberg B. A meta-analytic method for summa­
rizing diagnostic test performances: receiver-operating-characteristic- 
summary point estimates. Med Decis Making 1993; 13:253-257
32. Von Oppell UO, Thierfelder CF, Beningfield SJ, Brink JG, Odell JA. Traumatic 
rupture of the descending thoracic aorta. S Afr Med J 1991 ;79:595-598
33. Zeiger MA, Clark DE, Morton JR. Reappraisal of surgical treatment of trau­
matic transection of the thoracic aorta. J Cardiovasc Surg 1990;31:607-610
34. Cowley RA, Turney SZ, Hankins JR, Rodriguez A, Attar S, Shankar BS. 
Rupture of thoracic aorta caused by blunt trauma. J Thorac Cardiovasc 
Surg 1990; 100:652-661
35. Eddy AC, Rusch VW, Marchioro T, Ashbaugh D, Verrier ED, Dillard D. Treatment 
of traumatic rupture of the thoracic aorta. Arch Surg 1990;125:1351-1356
36. Soyer R, Bessou JP, Bouchart F, et al. Acute traumatic isthmic aortic rupture. 
Long-term results in 49 patients. EurJ Cardiothorac Surg 1992;6:431-437
37. Stulz P, Reymond M-A, Bertschmann W, Graedel E. Decision-making 
aspects in the timing of surgical intervention in aortic rupture. E u r J  Car­
diothorac Surg 1991 ;5:623-627
38. XabregasAA, Molloy PJ, Feint JA. Traumatic rupture of the thoracic aorta: 
ten-year experience with follow up. Aust N Z J  Surg 1991 ;61:839-843
39. Lee RB} Stahlman GC, Sharp KW. Treatment priorities in patients with 
traumatic rupture of the thoracic aorta. Am Surg 1992;58:37-43
40. McNeil BJ, Abrams HL. Brigham and Women’s Hospital handbook of 
diagnostic imaging. Boston: Little, Brown, 1986:326-327
41. Powe NR, Steinberg EP, Ericksin JE, et al. Contrast medium-induced 
adverse reactions: economic outcome. Radiology 1988;169:163-168
42. Wong JB, Sonnenberg FA, Salem DN, Pauker SG. Myocardial revascular­
ization for chronic stable angina. Analysis of the role of percutaneous 
transluminal coronary angioplasty based on data available in 1989. Ann 
Intern Med 1990; 113:852-871
43. Gupta SK, Veith FJ. Inadequacy of the diagnosis related group (DRG) 
reimbursements for limb salvage lower extremity arterial reconstructions. 
J Vase Surg 1990;11:348-357
44. Goldman L, Gordon DJ, Rifkind BM, et al, Cost and health implications of 
cholesterol lowering. Circulation 1992;85:1960-1968
The reader s attention is directed to the commentary on this article, which appears on the following pages.
